Liquid chromatography-high resolution mass spectrometry (LC-HRMS) has been used to establish a method, referred to as 'adductomics', for characterisation of putative protein adducts at selected loci in human serum albumin (HSA). Applications of this method have been limited by the lack of software for untargeted analysis of modified peptides in protein digests.
INTRODUCTION
Liquid chromatography-high-resolution mass spectrometry (LC-HRMS) can be used to characterise adducts in tryptic protein digests. We previously developed a pipeline for analysing all modifications to Cys34 of the third largest tryptic peptide (T3) of human serum albumin (HSA) (Grigoryan et al., 2016 , Lu et al., 2017 , Liu, S. et al., 2018 . Since manual peak picking and quantitation are labour intensive, we present here an open-source R package (adductomicsR) to locate and quantify adducts of the T3 peptide from nano-LC-HRMS data. Although we focus on T3-peptide adducts from HSA, the package is structured to accommodate model spectra from other user-defined peptides and proteins of interest.
WORKFLOW
adductomicsR interrogates tandem mass spectra to find modifications to a user-defined peptide (e.g. the T3 peptide), based on signature ions from a model spectrum that include both fixed (adduct-independent) and variable (adduct-dependent) mass-to-charge ratios (m/z). A chemically stable peptide from the same protein, referred to as a housekeeping peptide (HKP), is quantitated to normalise adduct levels for HSA content and digestion efficiency. Peaks corresponding to an internal standard are also measured to adjust for retention-time (RT) drift. For analysis of HSA T3 modifications, the internal standard is an isotopically labelled T3 peptide that has been modified at Cys34 with iodoacetamide and the HKP is a chemically neutral peptide adjacent to T3 ( 42 LVNEVTEFAK 51 ) (Grigoryan et al., 2016) .
An overview of the adductomicsR workflow is shown in Figure 1 , which addresses each of the following steps in the pipeline.
Correction of retention-time drift.
Using mzXML as input, rtDevModelling corrects for RT drift by determining the RT deviation of known peaks of the internal standard peptide using LOESS models. Fig. 1 . Overview of the adductomicsR liquid chromatography-mass spectrometry workflow.
Adduct detection.
Peptide spectra are pinpointed by the presence of signature ions from a model spectrum, provided by the user as a csv file, with the specSimPepid tool. The relative intensities of fragment ions from each scan are clustered into adduct groups with user-specified RT and monoisotopic mass (MIM) cut points. Colour-coded plots of adduct groups, based on MIM and RT, are produced to assess the validity of the grouping window. Following adduct detection, schematic plots of tandem mass spectra from specSimPepId should be visually inspected and the identities of adducts should be manually verified prior to quantification. 
